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Abstract 


Objective—Reports of cerebral sinus and venous thrombosis (CVT) after ChAdOx1 
vaccination against SARS-CoV-2 have raised safety concerns. We aimed to estimate 
the incidence of CVT within one month from first dose administration and the 
frequency of vaccine-induced immune thrombotic thrombocytopenia (VITT) as the 
underlying mechanism after vaccination with BNT162b2, ChAdOx1, and 
mMRNA-1273, in Germany. 


Methods—A web-based questionnaire was e-mailed to all Departments of Neurology. 
We asked to report cases of CVT within one month of a COVID-19 vaccination. Other 
cerebral events could also be reported. Incidence rates of CVT were calculated by 
using Official statistics of nine German States. 


Results—A total of 45 CVT cases were reported. In addition, 9 primary ischemic 
strokes, 4 primary intracerebral hemorrhages, and 4 other neurological events were 
recorded. Of the CVT patients, 35 (77.8%) were female, and 36 (80.0%) were below 
the age of 60 years. Fifty-three events were observed after vaccination with 
ChAdOx1 (85.5%), 9 after BNT162b2 (14.5%), and none after mMRNA-1273 
vaccination. After 7,126,434 first vaccine doses, the incidence rate of CVT within one 
month from first dose administration was 6.5 (95% Cl, 4.4-9.2) per 100,000 
person-years for all vaccines and 17.9 (11.8-26.1) for ChAdOx1 (after 2,320,535 
ChAdOx1 first doses). The adjusted incidence rate ratio was 9.68 (3.46-34.98) for 
ChAdOx1 compared to mMRNA-based vaccines and 3.14 (1.22-10.65) for women 
compared to non-women. In 26/45 patients with CVT (57.8%), VITT was graded 
highly probable. 


Conclusions—Given an incidence of 0.22—1.75 per 100,000 person-years for CVT in 
the general population, these findings point towards a higher risk for CVT after 
ChAdOx1 vaccination, especially for women. 


Keywords: COVID-19, SARS-CoV2- vaccination, incidence study, cerebral sinus and 


venous thrombosis 
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Introduction 


A major breakthrough in managing the COVID-19 pandemic was the development 
and administration of vaccines against SARS-CoV-2, namely BNT162b2 
(BioNTech/Pfizer), MRNA-1273 (Moderna), Ad26.COV2.S (Johnson & Johnson) and 
ChadOx1 (AstraZeneca). Typical side effects of these vaccines were reported in 
Clinical trials with several thousands of volunteers but without evidence of a 
vaccine-associated increase in thromboembolic events’. Until April 2021, several 
vaccines have been approved and administered to millions of people. In Germany, 
16,428,425 persons received the first and 5,517,282 the second dose of a vaccine as 
of April 18, 2021°. These included about 16.2 million BNT162b2 doses, 1.2 million 
mMRNA-1273 doses, and 4.6 million ChAdOx1m doses. 


Outside of the context of COVID-19 vaccination, cerebral venous thrombosis is a 
very rare disease with an incidence of about 0.22 — 1.75 per 100.00 person-years, 
based on data from four European countries, Australia, Iran, and Hong Kong’®. 
Well-known risk factors are female sex, pregnancy, infections, and 
hypercoagulability’®. Within hypercoagulability, hormone-related and genetic 
prothrombotic disorders are the most frequent causes". Until the end of March 2021, 
the majority of persons vaccinated with ChAdOx1 in Germany were below the age of 
60 years ©. ChAdOx1 was initially only recommended in Germany for persons below 
the age of 65 due to insufficient data on efficacy and safety among the elderly. In 
several European countries, cases of cerebral venous thrombosis were reported in 
temporal relationship with ChAdOx1 vaccine administration. An immune-mediated 
mechanism termed vaccine-induced thrombocytopenic thrombosis (VITT) has been 
suggested to underlie these serious adverse events'*""*. At the beginning of March 
2021, 30 venous thromboembolic events were reported to EMA out of about 5 million 
persons who had received the ChAdOx1 vaccine". At that time, the Danish National 
Patient Registry did not report a higher incidence of thromboembolic events in the 
Danish population but excluded cases of sinus-venous thrombosis from their analysis 


because of low incidence"®. 


The aim of this report is to describe reported cases of cerebrovascular events in 
temporal relation to COVID-19 vaccination in Germany until April 14, 2021, based on 


a retrospective survey. We further aim at providing an incidence estimate of cerebral 
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venous thrombosis within 31 days from first vaccine dose administration by vaccine 


type, age, and sex for nine German states 


Methods 
Data collection 


We designed a web-based questionnaire which was e-mailed to all departments of 
neurology of university (nN=40) and non-university (n=251) hospitals in Germany on 
April 6, 2021. Data collection was closed on April 14, 2021 (24:00). The survey 
focused on the report of cerebral sinus-venous thrombosis and cerebral venous 
thrombosis events that had occurred within 31 days after COVID-19 vaccination in 
2021. However, the questionnaire also allowed the reporting of other cerebrovascular 
events in possible temporal relationship with a COVID-19 vaccination. We combined 
cerebral sinus-venous thrombosis and cerebral venous thrombosis without the 
involvement of the vena cerebri magna—hereafter referred to as cerebral sinus 
and/or venous thrombosis (CVT). Thirty-seven (92%) neurology departments at 
university hospitals (tertiary centers) and 75 (30%) neurology departments of 
non-university hospitals responded (Figure 1). We recorded information about the 
type of vaccination, symptoms, coagulation parameters, clinical course, and clinical 
outcomes. We developed a written protocol for data collection (see appendix). The 
protocol was approved by the Ethics Committee (Vote-No. 142/21, Ethics Committee 
of the Medical Faculty at RWTH University). Data protection and privacy conformity 
have been confirmed by the Data Protection Officer and the Information Security 
Officer of RWTH Aachen University Hospital. Coagulation parameters were also 
collected from the respective local laboratories. For a subgroup of patients, 
anti-Heparin/Platelet Factor 4 Antibody (PF4)/polyanion-lgG EIA and a platelet 
activation assay were performed in the laboratory of the Institute for Immunology and 
Transfusion Medicine at the University of Greifswald as described'’. For the PF4 
antibody results, we used information from the central laboratory in Greifswald, and 
only if missing, we considered test results if positive from the respective local 
hospitals. 


Based on the first reported cases'*""? we devised a grading system using the 
following criteria in order to classify each event according to its likelihood of being 
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associated to COVID-19 vaccination: (a) time from last vaccine shot administration 
between one and 16 days, (b) thrombocytopenia (<150/nL) or relative 
thrombocytopenia (drop of thrombocytes of at least 50%), (c) positive enzyme-linked 
immunosorbent assay (ELISA) to detect platelet factor 4 (PF4)-polyanion antibodies, 
(d) positive modified (PF4-enhanced) platelet-activation assay (VITT function test)'®. 
Each criterion loaded the score with 1 point. All cases were evaluated in depth by 
four members of the Task Force. Cases that fulfilled criteria a and b, but no test 
results were available for c and d, were rated with a score of 2+ to contrast them to 
those cases with negative results for c and d. Ascore of 2+ and higher was 
considered a high grade (highly probable VITT). 


Research Hypotheses 
We formulated the following a priori research hypotheses: 


1. Vaccine-induced CVTs are restricted to COVID-19 vaccination with ChAdOx1 
and do not occur after vaccination with MRNA-based vaccines. 

2. Females, particularly below the age of 60 years, are more likely to be 
diagnosed with CVT after COVID-19 vaccination. 

3. Patients with vaccine-induced CVT after COVID-19 vaccination have a high 
prevalence of antibodies against thrombocytes and/or thrombocytopenia, 
resulting in venous thrombosis and bleedings. 

4. VITT-mediated neurological events are not restricted to vaccine-induced CVTs 


but may also result in cerebrovascular arterial thrombotic events. 


Statistical analysis 


Characteristics of the reported cerebrovascular cases were summarized as 
frequency and percentage or mean, standard deviation, median, and range for 
qualitative and quantitative variables, respectively. Descriptive statistics were 
reported for the overall cases and by subgroups. 


In order to compute the incidence rate of CVT within one month from first vaccine 
shot administration, we divided the number of cases that occurred within 31 days 
from first vaccine shot administration by the overall amount of person-time spent at 


risk during the time window of interest. 
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We obtained CC-BY licensed data from the Robert Koch-Institute (the German 
National Institute of Public Health) about the number of vaccine shots administered 
by calendar week, age group, vaccine type, and state separately for only females 
and for everyone (numbers for non-females were obtained by difference). The 
number of vaccine shots administered within these subgroups was only available for 


nine German states, and no distinction was possible between first and second doses. 


Therefore, we restricted our estimation of the incidence to the area of the nine 
German States (Baden-Wuerttemberg, Bremen, Hamburg, Mecklenburg-Western 
Pomerania, Lower Saxony, North Rhine-Westphalia, Rhineland-Palatinate, Saarland, 
and Schleswig-Holstein). We assumed that a case originated in this area if the 
hospital recording it was located in one of the nine States. We only considered cases 
occurring within 31 days from the first vaccine dose administration. For cases 
occurring after the second shot, we computed the time from first dose assuming that 
the second dose was administered 10 weeks, 21 days, 14 days after the first for 
ChAdOx1, BNT162b2, and mRNA-1273, respectively. 


Within every stratum of state, age group (<60, 60+), sex (female, non-female), and 
vaccine type (ChAdOx1, BNT162b2, and mRNA-1273), we approximated the number 
of first and second doses administered every calendar week. We assumed 
individuals receiving their second dose in a given week were the same who had 
received their first dose a fixed amount of weeks before (10 for ChAdOx1, 3 for 
BNT162b2, and 2 for mMRNA-1273). If the number of attributed second doses in a 
week was higher than the total registered number of administered doses, the 
remaining doses were attributed to the following week (and so on, iteratively). The 
number of first doses was obtained by the difference between the total number of 
doses and the estimated number of second doses administered in the week. 


The number of person-years each vaccinated individual spent at risk during the time 
window of interest (one month from first vaccine shot administration) was computed 
as the number of days between the day of the first dose administration (assumed in 
the middle of Wednesday) and the 31st day after the first dose administration or the 
end of the study period (April 14, 2021) whichever occurred first, divided by 365.25. 
We only considered the time contributed by individuals who received their first dose 
between December 28, 2020, and April 11, 2021. 
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Overall and group-specific incidence rates were expressed as number of cases per 
100,000 person-years and reported along with their 95% exact Poisson confidence 


intervals. 


Our approach relies on the assumptions that no individual moved from a 
state-age-sex-vaccine group to another during the 31 days following first dose 
administration, that no competing events occurred during this time window, and that 
everyone received a second dose of the vaccine according to the above-specified 
schedule. 


Finally, we fitted a Poisson log-linear regression model with the logarithm of the 
person-years as offset to investigate the association between age group (<60, 60+), 
sex (female, non-female), vaccine class (ChAdOx1, mRNA-based vaccines), and the 
CVT incidence rate within one month from first dose administration. No interaction 
terms were included. P-values lower than or equal to 0.05 were considered 


statistically significant. 


All analyses were performed using R version 4.0.3 and RStudio 1.1.456. 


Results 


A total of 291 departments of neurology were contacted, of which 112 reported back 
(Figure 1). After excluding duplicates, and cases without cerebrovascular outcomes, 
62 patients with a cerebral event were reported in close temporal proximity to the 
vaccination against COVID-19 (Figure 1), of which 45 were CVTs. Reported cases 
had a mean age of 46.7 years, and 75.8% were female. 6/52 (11.5%) cases were 
smokers, 3/59 cases (5.1%) were obese, and 1/59 (1.7%) reported a previous 
thrombosis event (Table 1). 


All reported cases occurred after vaccination with ChAdOx1 (85.5%) and BNT162b2 
(14.5%). No cases were reported with mMRNA-1273. No other vaccines were used in 
Germany during the study period. The initial diagnosis of CVT was confirmed by MR 
and MR-venography or CT and CT-venography in all cases. We identified 37 CVT 
cases after ChAdOx1 and 8 after BNT162b2. Of the 45 patients with CVT, 35 (77.8%) 
were female, and 36 (80.0%) were below the age of 60 years (Table 1). Primary 


intracerebral hemorrhages (ICH) were observed in 4 cases, and 9 patients had 
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primary cerebral ischemia (Table 1). In addition, a total of 4 patients were reported 
with other diagnoses (1 transient global amnesia, 1 spinal artery ischemia, and 2 
nausea, one of them with headache). 


Two out of 62 patients (3.2%) presented with dermal petechia, two (3.2%) with 
subdermal hematoma, and two (3.2%) with bleedings in other territories. A total of 59 
(95.2%) events occurred after the first dose administration of a vaccine and 3 (4.8%) 
after the second dose administration (all three BNT162b2) (Table 1). Forty-two 
(93.3%) and 3 (6.7%) CVT events occurred after first and second dose 
administration, respectively (Table 1). 


Sixty-one cases (98.4%) experienced first neurological symptoms within 31 days 
(approximated value for cases occurred after BNT162b2 second shot) from the first 
vaccine shot administration. All events after ChAdOx1 occurred after the first dose, 
but very few people in Germany received a second dose during the study period. 
Days from first ChAdOx1 shot to neurological symptoms' onset are presented in 
Figure 2. The median time interval from last administered vaccine shot to 
neurological symptoms was 9 days (range 1 to 25) for CVT events. None of the 
cases had a previously confirmed SARS-CoV-2-infection. 


With the prespecified VITT risk grading, we qualitatively investigated the adherence 
of the reported cerebrovascular events with the recently described syndrome of a 
vaccine-induced immunological syndrome leading to thrombocytopenia followed by 
thrombotic events. Overall, 4 (6.5%) had a risk score of 0, 24 (38.7%) had 1, 1 (1.6%) 
had 2, 5 (8.1%) had 2+, 4 (6.5%) had 3, and 24 (38.7%) had a score of 4. CVTs with 
a VITT risk score higher than 2 only occurred after vaccination with ChAdOx1. 
Among CVT cases, 20 (44.4%) scored 4 points, fulfilling all pre-defined criteria for the 
likelihood of vaccine association, and in 26 (57.8%) VITT was graded highly probable 
(Table 1). 


In 3 patients, PF4 antibodies were positive, but the VITT function test was negative. 
All 28 patients with positive PF4 antibodies had received ChAdOx1 between 3 and 
15 days before neurological symptoms. Among CVT cases, 22/31 (71.0%) had 
positive PF4 antibodies, 20/31 (64.5%) had positive VITT function test, 2/43 (4.7%) 
had relative thrombocytopenia, 26/43 (60.5%) had thrombocytopenia, and 23/33 
(69.7%) had D-dimer levels above 500 ug/L (Table 1). 
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In addition to the CVT patients, nine cases with ischemic stroke were reported in this 
survey, eight (88.9%) of whom had received ChAdOx1 and one (11.1%) BNT162b2. 
Five (55.6%) of the 9 ischemic cases had a high (>2) VITT risk grade. Three (33.3%) 
fulfilled all 4 criteria of the VITT risk score (Table 1). In one of the two other cases 
with a score of three, the VITT function test was negative despite positive PF4 
antibodies. In the second case with a score of three the thrombocytes were reduced 
to 152/nl but not below the threshold of 150/nl. Four patients with primary 
intracerebral bleeding without imaging signs of CVT were also reported, all after 
ChAdOx1 vaccination. One patient fulfilled all four pre-defined criteria of the VITT risk 
score (Table 1). In one other patient with primary intracerebral bleeding, PF4 
antibodies and VITT function tests were not available, but severe thrombocytopenia 
and the typical time interval to the ChAdOx1 vaccination suggested a causal 
relationship. 


Treatment was performed in 2/61 (3.3%) patients with plasmapheresis, 20/61 
(32.8%) with intravenous high dose immunoglobulins and 4/61 (6.6%) with 
corticosteroids (Table 2). Anticoagulation was provided with heparin in 12/61 (19.7%), 
fraxiparin in 1/61 (1.6%), argatroban in 18/61 (29.5%), vitamin-K-antagonist 6/61 
(9.8%), and direct oral anticoagulants in 9/61 (14.8%) cases. Eleven patients out of 
60 (18.3%) died, of whom 9 had been vaccinated with ChAdOx1, and two had been 
vaccinated with BNT162b2. The distribution of the last available score (at discharge, 
death, or last available information if still hospitalized) on the modified Rankin scale 
by VITT risk score category is presented in Table 2. 


In total, we estimated an incidence rate of CVT within one month from first dose 
administration of 6.51 (95% Cl, 4.43 to 9.25) per 100,000 person-years. This 
incidence rate was 17.91 (95% Cl, 11.81 to 26.07) per 100,000 person-years for 
ChAdOx1, 1.32 (95% Cl, 0.36 to 3.37) per 100,000 person-years for BNT162b2, and 
0.00 (95% Cl, 0.00 to 17.42) per 100,000 person-years for MRNA-1273. The 
incidence rate of CVT within one month from first ChAdOx1 dose administration was 
23.53 (95% Cl, 15.08 to 35.01) per 100,000 person-years for females and 6.16 (95% 
Cl, 1.27 to 18.00) per 100,000 person-years for non-females. Incidence rates by age 
group, sex, and vaccine are reported in Table 3 and Figure 3. 


In the model for CVT incidence within one month from first dose administration jointly 


considering age group, vaccine class, and sex, we estimated an adjusted incidence 


medRxiv preprint doi: https://doi.org/10.1101/2021.04.30.21256383; this version posted May 13, 2021. The copyright holder for this preprint 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 
It is made available under a CC-BY 4.0 International license . 


10 


rate ratio of 9.68 (95% Cl: 3.46 to 34.98, P <0.001) for ChAdOx1 compared to a 
mRNA-based vaccine, 3.14 (95% Cl: 1.22 to 10.65, P=0.03) for females compared to 
non-females, and 2.14 (95% Cl: 0.83 to 6.78, P=0.15) for those aged <60 compared 
with those aged 60 or more. 


Discussion 


Our descriptive study from Germany identified 62 vascular cerebrovascular adverse 
events in close temporal relationship with a COVID-19 vaccination, of which 45 cases 
were CVT. We estimated an incidence rate of CVT within one month from first dose 
administration of 17.9 per 100,000 person-years for the ChAdOx1 vaccine and 1.3 
per 100,000 person-years for BNT162b2. Before the COVID-19 pandemic, the 
incidence rate of CVT has been estimated between 0.22 — 1.75 per 100,000 
person-years in four European countries, Australia, Iran, and Hong Kong’®. This 
corresponds to an over 10-fold higher CVT incidence rate in patients who received a 
first ChAdOx1 vaccine shot compared with the highest estimate of CVT incidence 
rate from empirical data. The incidence rate of a CVT event after first dose COVID-19 
vaccination was statistically significantly higher for ChAdOx1 (rate ratio: 9.68, 3.46 to 
34.98) compared to mRNA-based vaccines and for females (3.14, 1.22 to 10.65) 
compared to non-females. In our data, the association between age group (60+, <60) 
and CVT incidence was not statistically significant after accounting for sex and 


vaccine class. 


Comparisons with other countries and settings are challenging, as the probability of 
receiving a specific vaccination differs by age, sex, profession, and other factors. The 
number of people diagnosed in the UK with CVT after receiving the ChAdOx1 
vaccine was reported by the UK Medicines & Healthcare products Regulatory Agency 
(MHR) as 22 cases among 18 million people have received the vaccine’ However, 
these numbers were updated by the MHR by April 28, 2021. Now, 242 cases of 
major thromboembolic events with concurrent thrombocytopenia following 
vaccination with ChAdOx1 were reported, including 93 cases of CVT"®. Up to the 
same time point, 22.6 million Britains had received their first dose and 5.9 million their 
second dose of ChAdOx1. Of the 242 cases, 161 occurred in the age group below 
and 67 in the age group above 60. In 14 cases, the age remained unknown. 
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A population-based cohort study using data from 281,264 individuals vaccinated with 
ChAdOx1 in Denmark and Norway reported a standardized morbidity ratio for 
cerebral venous thrombosis of 20.25, corresponding to 7 observed events versus 0.3 
expected ones and an excess of 2.5 events per 100,000 vaccinations’. While there 
was no overall increase in the arterial event group, the rate of intracerebral 


hemorrhage was increased, with a standardized morbidity ratio of 2.33"°. 


CVT is a very rare disease, and it is unlikely that the higher incidence rate among 
vaccinated is purely the product of chance. The identification of antibodies against 
thrombocytes in a high percentage of our patients in whom the test results were 
available is another strong argument for a causal relationship. Understandably, the 
recommended treatment of CVT beyond anticoagulation is the use of IVIG or 
plasmapheresis. 


While our survey focused on collecting information about CVT cases in temporal 
relationship with COVID-19 vaccination, our questionnaire also allowed the reporting 
of other neurological diagnoses. Interestingly, 5 cases with embolic ischemic stroke 
and a VITT score of >2 without signs of CVT were reported. In four of them, 
thrombotic occlusion of the middle cerebral artery, the internal carotid artery and/or 
recurrent thrombotic material in duplex ultrasound were reported. This is similar to 
Heparin-induced thrombopenia, in which arterial thrombosis occurs, as well, and ata 
ratio of 1:4.3 compared with venous thrombosis”°. In addition, two primary intracranial 
hemorrhages with a VITT risk score >2 without a detectable sign of CVT were 
reported. 


The conclusions with respect to our hypotheses are as follows: 


(i) Individuals in Germany were vaccinated with ChAdOx1, mMRNA-1273, and 
BNT162b2. In our study, CVTs with a VITT risk score >2 only occurred 
after vaccination with ChAdOx1. Our results suggest that VITT-induced 
antibodies against PF4 do not cross-react with the spike protein of 
SARS-CoV-27'. A recent report of an individual who developed a CVT 
associated with severe thrombopenia at 14 days after immunization with 
Ad26.COV2.S suggests that VITT-associated thrombotic events may be 
associated with adenovirus vector-based vaccines directed against the 
SARS-CoV-2 spike protein??. Since ChAdOx1 is based on a chimpanzee 
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and Ad26.COV2.S on a human adenovirus vector, and they differ in their 
spike protein inserts, there was hope that a VITT is restricted to ChAdOx1. 

(ii) We confirm that CVT within one month from first dose administration occur 
at a higher rate in females compared to non-females, accounting for age 
group and vaccine class. Indeed, the adjusted rate ratio was equal to 3.1 
(95% Cl: 1.2 — 10.6). However, the rate of CVT occurring within one month 
from first dose administration once accounted for sex, and vaccine class 
did not significantly differ (p-value=0.15) between individuals younger than 
60 years and individuals that are 60 years or older. 

(iii) | We confirm that most of the patients with a CVT at one to 16 days after 
vaccination with ChAdOx1, who have thrombocytopenia, also have VITT. 

(iv) | VITT-mediated cerebral vascular events (VITT risk score >2) were not 
restricted to CVT but were also observed in cases of primary cerebral 
ischemia (n=5) and intracerebral hemorrhage (n=2). 


Currently, several questions remain unanswered. First, it is unclear how many 
patients develop antibodies against PF4 after vaccination with ChAdOx1 (and 
potentially Ad26.COV2.S) without thrombotic complications. Therefore, the risk of 
re-exposure to the vaccine in conjunction with the second vaccination cannot be 
estimated. Second, although the platelet activation of VITT is heparin-independent, it 
is unknown whether heparin therapy aggravates VITT in analogy to the clinical 
syndrome of autoimmune heparin-induced thrombocytopenia. Hence, non-heparin 
anticoagulants are recommended for the treatment of VITT-related CVT. Although 
venous and less common arterial thromboses have also been reported outside the 
central nervous system in VITT'2?", it remains unclear why vessels of the central 


nervous system are primarily affected. 


Our data cannot serve and should not be interpreted as a recommendation for the 
vaccination strategy to be implemented. While we believe this article provides 
important information to inform such a decision, we only quantified the incidence of 
cerebrovascular events following vaccination by sex, age group, and vaccine type in 
nine German states. The decision on which vaccination strategy is best in a specific 
context depends not only on the risks of the vaccination but also on its benefits, with 
respect to possible and available alternative strategies. Specifically, it needs to be 


emphasized that VITT is a very rare event and that the risk-benefit ratio of 
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vaccination against SARS-CoV-2 needs to be considered. Other factors to be taken 
into account for estimating an overall risk-benefit ratio include the risk of cerebral 
blood clots from COVID-19 disease**™, the existence, and availability of alternative 


vaccines. 


Strengths of our study include the standardized collection of patient data with 
cerebral outcomes within a reasonable time period after COVID-19 vaccination from 
almost all Departments of Neurology of German university hospitals (which represent 
the tertiary care centers in Germany). As of March 31, 2021, a total of 31 cases of 
CVT after ChAdOx1 vaccination in the whole country have been reported”°. In our 
study, we reported 37 confirmed CVT cases after ChAdOx1 vaccination as of April 
15, suggesting a high level of coverage in the case ascertainment. Another strength 
of the study is that each case was evaluated by four neurologists and one 
coagulation specialist who discussed all aspects of the provided clinical information. 
To approximate the incidences, we used official data of vaccinated people in 
Germany and had information on the age, sex and vaccine type distribution from 9 of 
the 16 States in Germany. 


Limitations of our study include that we only collected information from neurological 
departments, and patients may have been treated at other departments or died 
without reaching a hospital. We could not collect the brain imaging data to validate 
the diagnosis of CVT and other cerebral events. Moreover, our main disease of 
interest was CVT after COVID-19 vaccination. While we can be confident, also 
thanks to public discussions about CVT as a consequence of the ChAdOx71 vaccine, 
that we have high coverage for this disease, this does not hold true for the other 
cerebral diseases. Almost certainly, the cases of ischemic stroke or cerebral 
hemorrhage reported in this survey represented a very selected subset of all cases, 
probably reported because of a strong suspicion of a link with the COVID-19 
vaccination. We did not have data on the age, sex, and vaccine type distribution of 
vaccinated people from all of Germany but only from 9 of its 16 states. In the Robert 
Koch-Institute dataset, the vaccine shots administered by general practitioners are 
not included, probably leading to an overestimation of the true risk. 


Furthermore, we had to compute the overall number of person-years spent at risk by 
subgroup, relying on a crude approximation of the number of first doses 


administered. Lastly, we cannot exclude that in this retrospective survey some 


medRxiv preprint doi: https://doi.org/10.1101/2021.04.30.21256383; this version posted May 13, 2021. The copyright holder for this preprint 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 
It is made available under a CC-BY 4.0 International license . 


14 


transferred data were misclassified or differentially missing. Two of the cases 
included in this report were also presented in the first description of VITT by 
Greinacher and colleagues”. 


Implications 


Findings of our study imply further careful considerations in the administration of 
ChAdOx1, especially for women, and risk-benefit considerations when considering 
this vector-based vaccination by age. In addition, continued registration of all 
cerebrovascular events after vaccination and all rare cerebral venous thromboses in 
a standardized and validated manner is important for properly evaluating the risk of 
these events after COVID-19 vaccination. 
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Table 1. Characteristics of included cases with cerebral and central nervous system events within 31 days from 
Covid-19 vaccination. 
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Table 1. continued 
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Table 2. Treatments and modified Rankin scale of included cases with cerebral and central nervous system 


events within 31 days from Covid-19 vaccination by VITT risk group. 
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Table 3. Incidence rates of CVT within one month (31 days) from first COVID-19 vaccine dose administration according to age group, sex, and vaccine type using data from nine 


States in Germany during the study period (January 1, 2021 to April 14, 2021). 
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Figure 1. Study Flow Chart 
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Figure 2. Days since first ChAdOx1 dose administration to neurological symptoms 
onset for CVT and non-CVT events. 
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Figure 3. Incidence rate (95% confidence intervals) of CVT within one month (31 
days) from first dose administration of vaccine against SARS-CoV-2 by vaccine type, 


sex, and age group. 
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